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Proposed  future  space-based  beam  weapons  systems  will  most  probably  require  an 
intense  neutral  particle  beam  for  effective  operation  across  geomagnetic  field 
lines.  Such  neutral  beams  can  most  efficiently  be  obtained  by  stripping  excess 
electrons  from  negative  ion  beams.-)  The  detailed  physics  of  negative  ion  produc¬ 
tion  is  not  well  understood.  The^physics  of  present  production  techniques  must 
be  studied- mHw -teehniqne8''3eveloped  in  order  to  obtain  intense  negative  ion 
beams. ^The  objective  of  this  work  is  to  study  the  process  of  dissociative 
attachment  of  electrons.  Specifically,  to  measure  the  cross  sections  for  polar1 
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‘dissociation  and  dissociative  attachment  for  production  of  IT-.  It  is  sus¬ 
pected  that  these  dissociative  attachment  cross  sections  for  the  production 
of  H-  from  alkali  hydrides  are  large.  The  insight  gained  from  this  study 
will  be  extremely  helpful  in  the  fabrication  of  high  current  density  H-  beam 
sources  for  use  in  the  production  of  intense  neutral  hydrogen  beams.  A 
selection  of  alkali  hydride  molecules  will  be  investigated  in  order  to 
determine  the  largest  cross  sections  for  the  production  of  H-  by  electron 
impact.  The  angular  distribution  of  the  H-  ions  will  be  measured.  An 
optimal  vapor  pressure  for  the  efficient  production  of  H-  will  be  found. 

The  feasibility  of  extending  the  proposed  research  to  the  deuterium  bearing 
molecule  will  be  determined. 

The  following  progress  has  been  made: 

One  instrument,  representing  state  of  the  art,  has  been  built.  It  is 
dedicated  to  the  measurement  of  dissociative  electron  attachment  and 
ionization  cross  sections  for  molecules  of  interest  in  the  field  of  opening 
and  closing  of  high  current  and  high  voltage  gas  phase  switches  and  in  the 
generation  of  intense  beams  of  neutral  particles.  A  new  method  has  been 
developed  to  obtain  absolute  values  of  dissociative  attachment  cross  section 
in  a  cross  beam  collision  geometry.  A  beam  forming  high  temperature  furnace 
has  been  fabricated  for  generating  a  beam  of  molecules  which  are  normally 
found  in  solid  phase  at  room  temperature.  Cross  sections  for  the  generation 
of  the  various  negative  ions  by  dissociative  electron  attachment  have  been 
measured  for  the  following  molecules:  S0(2) ,  H(2)0,  HC1,  and  LiH.  A  new 
technique  for  the  measurement  of  dissociative  attachment  cross  sections 
from  the  vibrationally  excited  molecules  has  been  developed. 
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L.  A  BRIEF  SDMMARY  OF  THE  WORK  DOME 


The  financial  grant  for  the  proposed  work  began  in  Hay,  1981.  Since  then  the 
following  progress  has  been  aade: 

•  One  instrument,  representing  state  of  the  art,  has  been  built.  It  is 
dedicated  to  the  measurement  of  dissociative  electron  attachment  and 
ionization  cross  sections  for  molecules  of  interest  in  the  field  of 
opening  and  closing  of  high  current  and  high  voltage  gas  phase 
switches  and  in  the  generation  of  intense  beams  of  neutral  particles. 

A  photograph  of  this  instrument  is  shown  in  Figure  1.  Detailed 
description  is  given  in  Section  II. 

•  A  new  method  has  been  developed  to  obtain  absolute  values  of 
dissociative  attachment  cross  sections  in  a  cross  beam  collision 
geometry.  It  is  explained  in  Section  II. 

•  A  beam  forming  high  temperature  furnace  has  been  fabricated  for 
generating  a  beam  of  molecules  which  are  normally  found  in  solid 
phase  at  room  temperature.  A  photograph  of  this  furnace  is  shown  in 
Fig.  2.  It  will  be  described  in  detail  in  Section  II. 

•  Cross  sections  for  the  generation  of  the  various  negative  ions  by 
dissociative  electron  attachment  have  been  measured  for  the  following 
molecules:  S02,  H20,  HC1,  and  LiH.  Data  have  been  supplied  to 
modelers.  Details  are  presented  in  Section  III. 

•  A  new  technique  for  the  measurement  of  dissociative  attachment  cross 
sections  from  the  vibrationally  excited  molecules  has  been 
developed.  It  will  be  described  in  detail  in  Section  IV. 
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•  Three  papers  have  been  submitted  for  publication.  They  are  attached 
with  this  report.  Four  additional  papers  are  in  preparation  at  the 
present  time.  Three  papers  have  been  presented  in  an  International 
nesting. 

#  An  invited  talk  related  to  the  present  research  has  been  given  in  the 
"United  State/Japan  Seminar  on  Electron-Molecule  Collisions  and 
Photoionization  Processes,  26-29  October,  1  982".  A  copy  of  the 
abstract  is  attached  with  this  report. 
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II.  DESCRIPTION  £E  Ifl£  INSTRUMENTS  MU  METHOD  £Qfi  CALIfflAIIQH 


For  the  purpose  of  a  systematic  study  of  the  process  of  dissociative 
attachment  of  electrons  with  the  molecules  an  instrument  was  fabricated.  This 
instrument  contains  a  mass  spectrometer  for  the  mass  analysis  of  dissociated 
fragments.  The  detailed  description  of  this  instrument  is  given  in  the  following. 

i)  DISSOCIATIVE  ATTACHMENT  SPECTROMETER: 

A  schematic  diagram  of  the  apparatus  is  shown  in  Fig.  3.  It  utilizes  a 
crossed  electron  beam-molecular/atomic  beam  collision  geometry.  In  the  case  of 
gases,  the  beam  of  atoms  or  molecules  is  produced  by  flowing  the  gas  through  a 
capillary  array.  Alternatively,  in  the  case  of  species  which  are  solids  or  liquids 
at  room  temperature  an  electron  bombarded  oven  or  a  resistance  heated  oven^  is 
utilized  to  produce  the  target  beam.  The  beam  of  electrons  is  generated  by  heating 
a  pure  tungsten  filament.  The  electrons  are  first  extracted  from  the  filament  and 
are  then  accelerated  or  decelerated  by  three  cylindrical  lenses.  This  beam  is 
collimated  by  the  help  of  an  axial  B  field  which  is  produced  by  a  solenoid  within 
which  the  electron  gun  and  a  Faraday  cup  are  housed.  The  solenoid  produces  the  B 
field  of  the  order  of  200  gauss. 

The  present  beam  of  electrons  is  energy  unselected.  An  energy  profile  of  this 
beam  was  obtained  by  utilizing  the  retarding  potential  on  the  Faraday  cup.  It  is 
found  that  the  full  width  at  half  maximum  (FWHM)  is  approximately  300  meV.  The 
energy  of  the  electrons  is  varied  by  changing  the  bias  on  the  filament  with  respect 
to  the  last  electrode  of  the  electron  gun.  This  electrode  is  kept  at  ground 
(earth)  potential.  It  was  found  that  the  beam  ourrent,  as  measured  by  the  Faraday 
oup,  remained  oonstant  as  the  energy  of  the  beam  was  changed  from  0.5  eV  to  about 
10  eV  which  is  the  energy  range  of  the  present  interest.  Although  the  energy  of 
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the  electron  beam  can  be  obtained  by  recording  the  filament  bias  voltage,  the 
contact  potentials  at  various  surfaces  tend  to  change  it  from  its  actual  value.  In 
the  present  work  the  energy  of  the  beam  was  calibrated  by  utilizing  the  previously 
measured  peak  values  of  electron  attachment  energies  for  OVO^  and 

CT/COg.1*  It  was  found  that  the  filament  bias  voltage  needed  a  correction  of  *0.5 
volts  to  get  the  true  energy  of  the  electron  beam. 

The  negative  ions  produced  by  attachment  of  electrons  to  the  target  molecules 
are  extracted  out  of  the  B  field  by  two  parallel  molybdenum  wire  meshes  between 
which  a  voltage  is  applied.  This  voltage  produces  a  homogeneous  electric  field 
with  a  gradient  of  3  to  10  V/cm  at  the  target.  The  direction  of  the  field  is 
normal  to  both  electron  beam  and  molecular  beam.  One  grid  is  biased  negative  with 
respect  to  the  ground  and  the  other  positive.  The  molecular  beam  is  kept  at  ground 
potential.  It  was  found  that  this  arrangement  did  not  disturb  the  electron  beam. 
The  efficiency  of  extraction  of  ions  was  measured  by  changing  the  extracting 
electric  field  from  0  up  to  10  V/cm.  It  was  found  that  by  increasing  the  electric 
field  strength,  the  detected  ion  intensity  increased  rapidly  in  the  beginning. 
However,  at  about  3  eV  and  above  the  ion  intensity  became  almost  constant  as  a 
function  of  the  field  strength.  This  indicated  that  the  measured  ion  current  did 
not  depend  on  the  initial  energy  and  angular  distribution  of  the  ions.  All  our 
measurements  were  performed  in  this  region  of  extracting  voltage.  The  extracted 
negative  ions  are  accelerated  from  0  to  200  V/cm  and  focused  at  the  entrance 
aperture  of  a  quadrupole  mass  spectrometer  by  an  ion  lens  (Fig.  3)*  This  mass 
spectrometer  can  measure  up  to  about  80  amu  and  has  a  resolution  of  approximately  1 
amu.  The  mass  analyzed  ions  are  aooelerated  by  a  3.2  KV  potential  and  are  detected 
by  a  spiral tron  multiplier.  Eaoh  negative  ion  is  counted  as  an  event  by  a 
multichannel  scaler. 
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A  vacuum  of  about  10“®  Torr  was  obtained  when  the  gas  forming  the  molecular 
beam  was  not  flowed  into  the  vacuum  chamber.  However,  the  pressure  rose  to  about 
ICT?  Torr  when  the  molecular  beam  was  on. 

The  procedure  for  obtaining  the  resonance  energies  is  as  follows.  First,  the 
mass  spectrometer  is  set  to  detect  the  mass  of  interest.  Then,  the  electron  energy 
is  varied.  The  output  signal  from  the  spiral tron  is  recorded  by  a  multichannel 
scaler  as  a  function  of  electron  energy.  This  process  is  repeated  several  times 
until  sufficient  signal  to  noise  ratio  is  obtained.  The  variation  of  ion  intensity 
as  a  function  of  energy  usually  shows  a  maximum. 

The  relative  intensities  of  negative  ions  of  various  masses  give  the  values  of 
relative  cross  sections.  These  cross  sections,  in  turn,  are  the  measures  of 
relative  efficiencies  for  the  production  of  the  various  species  by  dissociative 
attachment.  However,  in  order  to  get  the  true  values  of  relative  intensities  one 
has  to  know  the  values  of  mass  dependent  transmission  efficiencies  of  the  ion 
optics,  the  quadrupole  mass  spectrometer  and  the  charged  particle  detector.  The 
determination  of  these  efficiencies  will  be  described  at  the  end  of  this  section. 

ii)  METHOD  FOR  OBTAINING  ABSOLUTE  VALUES  CROSS  SECTIONS : 

In  order  to  obtain  the  absolute  values  of  the  cross  sections,  the  relative 
flow  technique®  developed  in  our  laboratory  for  collision  cross  section 
measurements  was  utilized.  This  technique  employs  a  measurement  of  the  ratio  of 
the  Intensity  of  the  negative  ions  of  the  unknown  species  (few  example,  0“/S02* 
S~/S0^t  SCT/SC^)  to  that  of  from  0"/02.  At  the  same  time,  the  flow  rates  behind 
the  cappillary  array®  are  measured.  First,  the  gas  whose  dissociative  attachment 
cross  section  has  to  be  measured  is  flowed  through  the  capillary  array  and  a  beam 
is  formed.  The  negative  ion  intensity  I(B~)  is  then  measured.  Subsequently,  the 
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gas  AB  Is  turned  off  and  0 g  is  flowed  through  the  capillary  array.  The  negative 
ion  current  1(0~)  Is  again  recorded.  Providing  that  the  measurement  is  performed 
under  the  conditions  of  molecular  flow  through  the  capillary  array,  the  following 
relation  is  used  to  obtain  the  cross  section: 


o(b"/ab) 


o(o"/o2) 


I(B“) 

m(02) 

1(0-) 

M(AB) 

n(02) 

N  (AB) 


K 


(t) 


where  m(AB)  and  mCOg)  are  molecular  weights  of  respective  gases,  and 

are  the  flow  rates  of  the  two  gases  through  the  capillary  array  and  K  is  a 
calibration  constant  which  determines  the  transmission  efficiency  of  the  ion 
optics,  quadrupole  mass  spectrometer  and  charged  particle  detector  for  B~  and  (^. 

Calibration  constant  K  far  the  various  masses  was  experimentally  obtained  by 
assuming  that  the  transmission  efficiency  of  the  ion  optics,  quadrupole  mass 
spectrometer  and  charged  particle  detector  do  not  depend  upon  the  charge  of  the 
particle.  Thus,  the  values  of  K  should  be  the  same  for  B+  as  for  B“  or  for  0+  as 
for  CT.  We  chose  gases  whose  ionization  cross  sections  are  well  known.  These  are 
(HVHg)1*,  (He+/He)5,  (OVOg)1*,  (NeVNe)5,  (ArVAr)5  and  (Kr+/Kr)5.  Utilizing 
equation  (1)  and  changing  in  it  all  negative  signs  into  positive  signs  one  obtains 
an  equation  for  positive  ion  cross  sections.  Since  all  the  quantities  in  this 
equation  are  either  known  or  can  be  obtained  experimentally  for  the  two  gases  out 
of  the  ones  mentioned  above  except  E  the  values  of  E  for  various  mass  numbers 
ranging  from  H  to  Kr  can  be  calculated.  We  followed  this  method  for  calibrating 
our  instrument.  The  calibration  constant  E  (relative  efficiency)  as  a  function  of 
the  mass  number  is  a  bell  shaped  curve  shown  in  Fig.  4.  The  relative  efficiency  is 
Increasing  with  the  mass  number  up  to  about  mass  number  45,  then  it  is  decreasing 
at  higher  mass  number.  Our  results  are  in  agreement  with  Ehlert's  measurements^ 
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(full  curve,  Fig.  4).  We  have  checked  our  results  In  the  case  of  negative  Ions 
using  the  well  known  dissociative  electron  attachaent  cross  sections  of 
and  [0“/02]7.  Taking  Into  account  our  5%  error  in  measurements,  the  relative 
efficiency  value  in  the  ease  of  negative  and  positive  ions  are  equal,  i.e.,  Kvjj=v  * 

«£>■ 


The  contribution  of  the  background  scattering  (both  direct  beam  contribution 
and  scattering  by  the  background  gas)  to  the  scattering  from  the  target  gas  beam  is 
measured  by  providing  an  alternate  leak  to  the  vacuum  chamber  (see  Fig.  3).  The 
flow  to  the  chamber  is  switched  from  the  capillary  array  to  the  alternate  gas  inlet 
and  the  proper  background  pressure  for  the  desired  gas  is  established.  The  mass 
selected  beam  intensity  is  then  measured  as  a  function  of  the  electron  beam  energy. 
It  is  found  that  the  maximum  value  of  the  background  scattering  is  about  5%.  Thus, 
by  using  the  side  leak  we  have  obtained  background  signal  to  correct  the  final 
results  reported  in  the  next  section. 


ill)  HI2JB  I,EMf£RAIUfl£  MAX  FORMING  FURMAC-E: 

There  are  certain  substances  of  present  interest  which  exist  in  the  solid 
phase  at  room  temperature.  For  example,  L1H  is  a  solid  at  room  temperature.  We 
proposed  to  study  this  molecule.  In  order  to  form  a  molecular  beam,  the  substance 
has  to  be  heated  in  a  crucible  to  the  tempei  ure  where  the  solid  substance  effuses 
in  the  form  of  a  beam  through  a  hole  in  the  crucible.  Figure  2  shows  a  photograph 
of  an  arrangement  which  was  fabricated  for  the  purpose  of  generating  a  beam  of  L1H. 
The  basic  components  of  the  high  temperature  erucible  arrangement  are: 
a)  a  tantatum  or  a  stainless  steel  crucible  which  is  one  half  inch  in  diamter 
and  1.5  inch  in  height.  This  crucible  has  a  0.25  inch  long  and  about  0.1  inch 
diameter  snout  at  the  top  from  where  the  substance  effuses  to  form  a  beam.  The 
crucible  is  either  heated  by  the  electron  bombardment  or  by  a  coaxial  beating  wire. 
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With  this  arrangement  a  temperature  of  about  1000°C  is  easily  achieved. 

b)  a  reflective  shield  made  out  of  a  copper  cylinder  2.5  inches  in  diaater  and 
4.5  inches  in  height  with  a  0.5  inch  opening  at  the  top.  Around  this  cylinder 
copper  tubing  is  wrapped  through  which  chilled  water  is  flowed  to  oool  the  rest  of 
the  structure  on  which  the  crucible  sits. 

c)  a  base  with  insulators  to  isolate  the  electrical  connections. 

d)  a  calibrated  thermocouple  for  monitoring  the  temperature  of  the  crucible. 
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III.  CROSS  SECTIQM  DATA 


Absolute  values  of  dissociative  attachaent  cross  sections  for  SO2,  CO2,  H2O, 
LiH  and  BC1  have  been  obtained  by  utilizing  a  new  technique  (described  in  Seetlon 
II)  developed  during  the  progress  of  the  present  work.  In  the  following  detailed 
results  will  be  given  far  each  molecule. 

S02;  After  the  negative  ion  spectrometer  described  in  Section  II  was  built 
S02  was  the  first  molecule  for  which  the  cross  sections  were  measured.  This  choice 
was  based  on  two  reasons.  First,  it  is  known  that  the  cross  sections  for  the 
production  of  0"  from  S02  is  large.  This  is  important  from  the  point  of  view  of 
the  neutral  beam  research  which  is  the  aim  of  the  present  task.  Second,  the 
resonance  electron  energies  at  which  the  dissociation  takes  place  are  just  right 
for  using  SC>2  in  the  development  of  a  high  current  and  high  voltage  switch.9  The 
data  on  the  cross  section  were  supplied  to  Prof.  M.  Kristiansen's  group  in  Texas 
Tech,  Lubbock  for  further  evaluations  by  putting  them  into  their  models.  Table  I 
of  the  preprint  #1  by  0.  J.  Orient  and  S.  K.  Srivastava  attached  with  this  report 
gives  the  absolute  values  of  cross  sections.  This  was  the  first  measurement  of 
such  cross  sections  for  S02  by  crossed  electron  beam-molecular  beam  technique. 
These  cross  sections  have  been  determined  with  an  accuracy  of 

The  present  Instrument  has  the  capability  of  measuring  dissociative  ionization 
cross  sections  too.  Therefore,  these  cross  sections  were  measured  for  S02.  They 
are  given  in  Table  I  of  the  preprint  #2  by  0.  J.  Orient  and  S.  K.  Srivastava 
attached  with  this  report. 

LIH;  Wong  and  his  associates^0  found  that  when  the  NaH  powder  is  irradiated 
by  a  beam  of  C02  laser  IT  ion  current  of  about  10A  was  produced.  This  finding 
appeared  to  be  very  promising  for  the  development  of  a  souroe  which  eould  produoe 
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intense  neutral  beams  of  H~  ions  by  laser  irradiation.  Wong  and  his  associates 
explained  the  production  of  H~  from  NaH  on  the  basis  of  Saha  equation: 

NH  s  X3  Ne  No  exp(E_/kTe),  (1) 

where  Nh  ,  N0  are  the  densities  of  negative  hydrogen  ion  and  neutral  atom, 
respectively;  E_  is  the  binding  energy  of  the  additional  electron  in  the  negative 
hydrogen  ion  r  0.754  eV;  Te  is  the  electron  temperature,  and 

X3  -  2(2tth2/BkTe)3/2. 

It  was  suspected  that  the  actual  mechanism  for  the  production  of  H“  from  the 
NaH  plasma  was  the  process  of  dissociative  attachment.  Therefore,  we  proposed  to 
measure  dissociative  attachment  cross  sections  for  LiH,  the  simplest  of  alkali 
hydrides,  in  a  systematic  fashion.  In  the  following  we  will  describe  the  results 
of  this  research. 

The  production  of  H~  from  LIH  was  studied  by  two  methods:  a)  molecular  beam 
method  and  b)  solid  target  method.  They  are  given  below. 

a)  Molecular  beam  method: 

LiH  is  commercially  obtained  in  a  powdered  form.  Therefore,  its  molecular 
beam  was  formed  by  heating  this  powder  in  the  crucible  described  in  Section  II  of 
this  report.  Since  the  LiH  is  very  hygroscopic,  it  was  always  bandied  in  the 
atmosphere  of  dry  N2  inside  a  transparent  box  through  plastic  gloves. 

Alkali  hydrides,  when  heated  to  the  temperatures  that  are  sufficient  to 
produce  a  decent  molecular  beam,  dissociate  into  alkali  atoms  and  H2.  However, 
there  is  a  method  first  developed  by  Rothsteln11  and  later  applied  by  Ramsay  and 
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his  co-workers12  for  the  generation  of  stable  LiH  beans.  This  aethod  involves  a 
careful  beating  of  the  crucible.  First,  the  crucible  filled  with  LIB  powder  la 
heated  to  a  teaperature  of  about  5001  in  the  vacuua.  This  beating  is  done  for 
about  24  hrs.  As  soon  as  this  heating  is  started,  the  background  pressure  in  the 
vacuum  chamber  rises  from  about  10"®  Torr  to  about  10"®  To rr.  However,  after  about 
24  hrs  heating  this  pressure  drops  down  to  10"®  Torr.  At  that  point  the 
temperature  is  Increased  once  again  to  about  650K.  The  background  pressure  rises. 
After  about  hours  beating  the  pressure  reduces  back  to  10"®  Torr.  The 
temperature  of  the  crucible  is  then  increased  to  approximately  80 OK.  This  is  Just 
below  the  temperature  at  which  a  steady  molecular  beam  is  generated.  If  the 
temperature  is  Increased  too  rapidly  or  in  excess  of  900K,  the  beam  becomes 
extremely  erratic. 

The  first  thing  that  we  did  was  to  mass  analyze  the  contents  of  the  molecular 
beam.  In  order  to  do  this,  we  changed  the  various  biases  in  our  apparatus  so  that 
we  could  detect  positive  ions  Instead  of  negative  ions  for  which  we  are  normally 
set  up.  However,  the  geometry  of  observation  remained  the  same  as  described  in 
Section  II.  Figure  5  shows  a  mass  scan.  He  see  masses  at  1,  16,  42  and  43  amu. 
There  are  bumps  in  the  wings  of  1  amu  peak  which  we  associate  with  LIH'*'.  The 
present  quadrupole  mass  spectrometer  can  not  resolve  masses  whose  difference  is 
leas  than  1  amu.  Noveover,  near  1  amu  the  resolution  is  quite  poor.  Therefore, 
the  peak  at  1  amu  oan  be  a  mixture  of  H*,  Li*,  and  LIH*.  Peaks  at  16,  42  and  43 
amu  are  suspected  to  be  polymers  of  LiH.  It  is  a  polar  molecule.  Such  molecules 
are  known  to  form  polymers  very  efficiently.  It  is  also  clear  from  the  Fig.  5  that 
there  are  more  polymers  in  the  beam  than  are  LiH*.  This  fact  is  quite  disturbing 
because  the  dissociative  attachment  to  these  polymers  oan  take  place  and  the 
interpretation  of  data  oan  be  quite  erroneous. 
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The  instruaent  was  then  changed  to  the  aode  for  studying  negative  Ions 
generated  by  the  dissociative  attachment.  The  mass  spectrometer  was  set  to  detect 
H~.  The  energy  of  the  electron  beaa  was  varied  froa  0  eV  to  20  e¥.  Figure  6  shows 
the  variation  of  H~  signal  as  a  function  of  incident  electron  energy.  It  is  seen 
that  at  8.26  eV  there  is  a  peak  in  the  production  of  H~.  This  peak  does  not 
coincide  with  the  peak  for  If  production  froa  H2*  ^ua>  signal  observed  here  is 
not  froa  H2.  It  is  either  resulting  froa  the  dissociative  attachment  with  LiH  or 
with  its  polymers  (LiH)z  were  x  a  number  higher  than  1. 

We  have  not  developed  a  method  yet  which  could  be  applied  for  the 
determination  of  absolute  values  of  cross  sections  for  those  aolecules  whose  beams 
have  to  be  produced  by  heating  the  substance  in  the  crucible.  Therefore,  cross 
sections  for  H"  production  from  LiH  and/or  (LiH)z  can  not  be  measured.  However, 
from  our  experience  we  can  say  that  these  cross  sections  are  quite  high:  roughly 

A 

equal  to  10"1?  cm2.  The  signal  shown  in  Fig.  6  is  the  result  of  one  scan  at  10"° 
amp.  e-beam  current  and  with  very  low  pressure  molecular  beam  density.  Theoretical 
calculations  about  the  potential  energy  surfaces  in  (LiH)"  would  have  aided  in 
verifying  whether  the  H"  signal  seen  in  Fig.  6  is  from  LiH  or  (LiH)z.  However, 
such  calculations  are  not  available  at  present. 

b)  Solid  target  method: 

As  mentioned  in  the  beginning  of  the  discussion  for  LiH  the  motivation  for 
performing  this  research  was  generated  by  the  experiment  done  by  Wong  and  his  co- 
workers'10  where  they  irradiated  a  solid  NaH  target  by  a  CO2  laser  and  observed  very 
large  signal  of  H".  We  felt  that  if  LiH  powder  was  irradiated  by  a  beam  of 
electrons  it  should  produce  the  same  effect.  In  order  to  accomplish  this  we  put 
the  LiH  powder  in  a  molybdenum  wire  cage  and  suspended  it  inside  the  solenoid  (Pig. 
3)  in  such  a  way  that  it  oroased  the  electron  beam.  The  electron  beam,  upon 
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collision  with  the  LiH  powder,  generated  H“  which  were  monitored  by  the  present 
experiaental  arrangement  as  shown  in  Pig.  3.  Figure  7  shows  H"  signal  from  this 
plasma.  It  is  seen  that  only  H"  ia  produced  and  no  other  kind  of  ion  is  seen.  In 
the  present  case  the  energy  of  e-beam  was  ohosen  to  be  15  eV  and  the  electron  beam 
current  was  2.7  x  10"®  amp.  The  signal  of  H"  ions  was  very  strong.  Work  in  this 
direction  is  in  progress.  Since  the  present  research  is  funded  this  year  too  we 
will  further  explore  this  method  for  generating  H~  beam. 

H20:  Although  dissociative  attachment  process  in  H20  has  been  investigated  by 
several  workers  in  the  past  absolute  values  of  cross  sections  have  not  been 
measured  by  the  electron  beam  method.  However,  from  the  swarm  data  it  is  known 
that  these  cross  sections  are  large.  Therefore,  H2O  can  be  a  candidate  for  the 
generation  of  H~  beams.  We  employed  the  relative  flow  method  described  in  Section 
II  to  measure  absolute  values  of  cross  sections  for  the  production  of  H“  and  0" 
from  H20.  Figures  8  and  9  show  H"/H20  and  0”/H20  cross  sections,  respectively. 
The  peak  value  6.5  x  lO-1®  cm2  for  H“/H20  process  is  large  and  should  be  considered 
for  the  generation  of  H"  beams. 

HC1:  It  is  known  that  HC1  has  high  values  of  cross  sections  for  the 

production  of  Cl"  and  H”.  We  followed  the  technique  described  in  the  previous 
pages  for  the  measurements  of  these  cross  sections.  They  are  presented  in  Fig.  10 
and  11,  respectively.  These  are  the  first  beam-beam  measurements  and  provide 
accurate  values  of  cross  sections. 
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iv.  mms  a-SEAM  XBCHMIQPE  £Q£  Iflfi  stopy  jje  dissociative  attachment  ££011 
IIBBAIIQHALL X  EXCITED  states 

During  the  course  of  present  research  a  new  technique  was  developed  for 
studying  the  process  of  dissociative  attachment  from  vibrationally  excited  states 
of  molecules.  It  has  been  known  from  previous  studies^  that  the  cross  sections 
for  dissociative  attachment  in  some  molecules  increase  by  many  orders  of  magnitude 
when  they  are  vibrationally  excited.  For  the  purpose  of  generation  of  H-  the 
double  beam  arrangement  may  be  useful.  This  technique  has  been  described  In  detail 
in  a  preprint  #3  by  Srivastava  and  Orient  and  is  attached  here  with  this  report. 
We  are  at  present  using  this  technique  to  measure  cross  sections  for  HC1  and  ^0* 
Since  the  funding  for  this  research  is  continuing  the  results  will  be  applied  in 
the  fabrication  of  a  H"  source. 
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V.  FIGURE  CAPTIONS 


Figure  1 .  Photograph  of  the  experimental  arrangement. 

Figure  2.  Photograph  of  the  high  temperature  furnace. 

Figure  3.  Schematic  diagram  of  the  dissociative  attachment  spectrometer. 

Figure  4.  Relative  efficiency  of  the  detection  system  as  a  function  of  mass. 

Figure  5.  A  mass  spectrometer  analysis  of  the  oontents  in  the  LiH  beam. 

Figure  6.  Variation  of  H“  signal  from  the  LiH  beam  as  a  function  of  electron 
energy. 

Figure  7.  H~  signal  generated  by  heating  LiH  powder  by  an  e-beam. 

Figure  8.  Cross  sections  for  the  production  of  B"  from  H2°* 

Figure  9.  Cross  sections  for  the  production  of  0”  from  H20. 

Figure  10.  Cross  sections  for  the  production  of  Cl”  from  HC1. 

Figure  11.  Cross  sections  for  the  production  of  H“  from  HC1. 
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ABSTRACT 


Dissociative  electron  attachment  cross  section  measurements  for  the 
production  of  0“,  S”,  and  S0“  have  been  performed  utilising  a  crossed  target  S02 
molecule  beam-electron  beam  geometry.  The  relative  flow  technique  is  employed  to 
determine  the  absolute  values  of  cross  sections.  The  attachment  energies 
corresponding  to  various  cross  section  maxima  are:  4.3D,  7*1  eV  for  0-/S02;  t.o, 
7.5,  8.9  eV  for  S“/S02;  end  4.7,  7.5  eV  for  S0“/S02* 


1 


I.  mTRODPCTIQM 


Dissociative  electron  ettachaent  cross  sections  for  the  production  of  S~,  0“ 
snd  SO"  from  SO2  not  known.  These  cross  sections  s re  of  psrtloulsr  Interest 
In  the  modeling  of  Jupiter-Io's  atmosphere^  end  of  plssss  of  diffuse  discharge 
switches.2  S02  In  also  a  source  of  sulphur  Ions  in  the  pulsed  Ion  lasers.^ 
The  above  applications  motivated  us  to  aeasure  the  dissociative  electron 
attschaent  cross  sections  for  SO 2* 

In  the  present  paper  we  describe  a  new  inatruaent  (which  we  have  recently 
fabricated  to  study  the  ettachaent  processes  in  the  various  gases  of  interest) 
and  its  use  in  the  determination  of  cross  sections  for  S02.  He  also  describe  an 
extension  of  our  relative  flow  technique**  for  the  determination  of  absolute  cross 
sections  far  dissociative  electron  attachment. 

II.  EIPEHIMENTAL  APPARATUS  ARC  METHOD 

A  schematic  diagram  of  the  apparatus  is  shown  in  Fig.  1.  It  utilizes  a 
crossed  electron  beam-molecular/atomic  beam  collision  geometry.  In  the  case  of 
gases  the  beam  of  atoms  or  molecules  is  produced  by  flowing  the  gas  through  a 
capillary  array.  Alternatively,  in  the  oase  of  species  which  are  solids  or 
liquids  at  room  temperature  an  electron  bombarded  oven  or  a  resistance  heated 
ovenS  ia  utilized  to  produce  the  target  bean.  The  bean  of  electrons  is  generated 
by  beating  a  pure  tungsten  filament.  The  electrons  are  first  extracted  from  the 
filament  and  are  then  accelerated  or  decelerated  by  three  cylindrical  lenses. 
This  beam  is  collimated  by  the  help  of  an  axial  B  field  which  is  produced  by  a 
solenoid  within  whiob  the  electron  gun  and  a  Farady  oup  are  boused.  The  solenoid 
produces  the  B  field  of  the  order  of  200  gauss. 

The  present  bean  of  electrons  is  energy  unselected.  An  energy  profile  of 
this  beaa  was  obtained  by  utilizing  the  retarding  potential  on  the  Faraday  oup. 
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It  is  found  that  the  full  width  at  half  aaxlaua  (FVHM)  ia  approxlaately  300  aeV. 
The  energy  of  the  electrons  is  varied  by  ohanging  the  bias  on  the  filaaent  with 
respect  to  the  last  electrode  of  the  electron  gun.  This  electrode  is  kept  at 
ground  (earth)  potential.  It  was  found  that  the  beaa  current,  as  aeasured  by  the 
Faraday  cup,  renal ned  constant  as  the  energy  of  the  beaa  was  changed  from  0.5  eV 
to  about  10  eV  which  is  the  energy  range  of  the  present  Interest.  Although  the 
energy  of  the  electron  bean  can  be  obtained  by  recording  the  filaaent  bias 
voltage,  the  contact  potentials  at  various  surfaces  tend  to  change  it  fr on  its 
actual  value.  In  the  present  work  the  energy  of  the  beaa  was  calibrated  by 
utilizing  the  previously  aeasured  peak  values  of  electron  attachaent  energies  for 
CT/027  and  0“/C02.8  It  was  found  that  the  filaaent  bias  voltage  needed  a 
correction  of  ♦ 0.5  volts  to  get  the  true  energy  of  the  electron  been. 

The  negative  ions  produced  by  attachaent  of  electrons  to  the  target 
aoleoules  are  extracted  out  of  the  B  field  by  two  parallel  aolybdenun  wire  aeshes 
between  which  a  voltage  la  applied.  This  voltage  produces  a  boaogeneous  electric 
field  with  a  gradient  of  3  to  10  T/ca  at  the  target.  The  direction  of  the  field 
is  iMraal  to  both  electron  beaa  and  aolecular  beaa.  One  grid  is  biased  negative 
with  respect  to  the  ground  and  the  other  positive.  The  aolecular  bean  is  kept  at 
ground  potential.  It  was  found  that  this  arrangeaent  did  not  disturb  the 
electron  beaa.  The  efficiency  of  extraction  of  ions  was  aeasured  by  ohanging  the 
extractlig  electric  field  froa  0  up  to  10  T/oa.  It  was  found  that  by  increasing 
the  electric  field  strength,  the  detected  ion  intensity  Increased  rapidly  in  the 
beginning.  However,  at  about  3  eV  and  above  the  ion  intensity  becaae  alaost 
oonstant  as  a  function  of  the  field  strength.  This  Indicated  that  the  aeasured 
ion  current  did  not  depend  on  the  Initial  energy  and  angular  distribution  of  the 
ions.  All  our  aeaaureaents  were  perforaed  in  this  region  of  extracting  voltage. 
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The  extracted  negative  ions  ere  accelerated  from  0  to  about  200  V/cs  and  focused 
at  the  entrance  aperture  of  a  quadrupole  aass  apectromet er  by  an  Ion  lens  (Fig. 
1).  This  aass  apectroaeter  oao  aeaaure  up  to  about  60  aau  and  has  a  resolution 
of  approxlaately  1  aau.  The  aass  analyzed  loos  are  sccelersted  by  a  3.2  KV 
potential  and  are  detected  by  a  splraltron  aultlpller.  Each  negative  ion  is 
counted  as  an  event  by  a  aultl channel  scaler. 

A  vacuum  of  about  10"®  Terr  was  obtained  when  the  gas  forming  the  aolcular 
beaa  was  not  flowed  into  the  vacuum  chamber.  However,  the  pressure  rose  to  about 
10~7  To rr  when  the  molecular  beam  was  on. 

The  procedure  for  obtaining  the  resonance  energies  is  as  follows.  First, 
the  mass  spectrometer  Is  set  to  detect  the  aass  of  Interest.  Then,  the  electron 
energy  Is  varied.  The  output  signal  from  the  splraltron  is  recorded  by  a 
multichannel  scaler  as  a  function  of  electron  energy.  This  process  is  repeated 
several  times  until  sufficient  signal  to  noise  ratio  Is  obtained.  The  variation 
of  ion  intensity  as  a  function  of  energy  usually  shows  a  maximum. 

The  relative  Intensities  of  negative  Ions  of  various  masses  give  the  values 
of  relative  cross  sections.  These  cross  sections,  in  turn,  are  the  measures  of 
relative  efficiencies  for  the  production  of  the  various  species  by  dissociative 
attachment.  However,  in  order  to  get  the  true  values  of  relative  intensities  one 
has  to  know  the  values  of  aass  dependent  transmission  efficiencies  of  the  ion 
optics,  the  quadrupole  mass  spectrometer  and  the  charged  particle  detector.  The 
determination  of  these  efficiencies  will  be  described  at  the  end  of  this  section. 

In  order  to  obtain  tbe  absolute  values  of  the  cross  sections,  the  relative 
flow  technique11  developed  in  our  laboratory  for  collision  eross  section 
measurements  was  utilized.  This  technique  employs  a  measurement  of  tbe  ratio  of 
the  intensity  of  the  negative  Ions  of  the  unknown  species  (for  example,  0-/S02, 
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S“/S02,  SCT/S02)  to  that  of  from  CT/Og.  At  the  age  time,  the  flow  ratea  behind 
the  capillary  array1*  are  aeaaured.  First,  the  gas  (AB  of  Eq.  1)  whose 
dissociative  attachaent  cross  section  has  to  be  aeaaured  la  flowed  through  the 
oaplllary  array  and  a  bean  la  farmed.  The  negative  Ion  Intensity  I(B“)  la  then 
aeasured.  Subsequently,  the  gas  AB  la  turned  off  and  02  la  flowed  through  the 
capillary  array.  The  negative  Ion  current  1(0”)  la  again  recorded.  Providing 
that  the  aeasureoent  la  performed  under  the  oonditlona  of  BK>lecular  flow  through 
the  oaplllary  array,  the  following  relation  la  uaed  to  obtain  the  cross  section: 


0(B_/AB) 


o(o"/o2) 


I(B~) 

I(0“) 


n(o2) 

SCAB) 


K 


(1) 


where  m(AB)  and  m(02)  are  nolecular  weights  of  respective  gases,  H(02)  and  H(AB) 
are  the  flow  rates  of  the  two  gases  through  the  capillary  array  and  K  la  a 
calibration  constant  which  determines  the  transmission  efficiency  of  the  Ion 
optics,  quadrupole  mass  spectrometer  and  charged  particle  detector  for  B~  and  0" . 

Calibration  constant  E  for  the  various  masses  was  experimentally  obtained  by 
assuming  that  the  transmission  efficiency  of  the  ion  optlos,  quadrupole  mass 
spectrometer  and  charged  particle  detector  do  not  depend  upon  the  oharge  of  the 
particle.  Thus,  the  values  of  K  should  be  the  aame  for  B+  as  for  B~  or  for  0*  as 
for  0“.  We  chose  gases  whose  Ionisation  oross  sections  are  well  known.  These 
are  (H«VH2)B,  (HeVHe)9,  (O*-/^)®,  (NeVNe)9,  (ArVAr)9  and  (Er*/Er)9.  Utilising 
equation  (1)  and  ohanglng  in  It  all  negative  signs  into  positive  signs  one 
obtains  an  equation  for  positive  Ion  cross  sections.  Since  all  the  quantities  In 
this  equation  are  either  known  or  can  be  obtained  experimentally  for  the  two 
gases  out  of  the  ones  mentioned  above  except  K  the  values  of  E  for  various  mass 
numbers  ranging  from  B  to  Er  oan  be  calculated.  We  followed  this  method  for 


5 


T 


calibrating  our  instruaent.  Tba  calibration  oonatant  K  (relative  efficiency)  as 
a  function  of  tbe  nass  number  is  a  bell  shaped  curve  shown  in  Pig.  2.  The 
relative  efficiency  is  increasing  with  the  a  ass  number  up  to  about  a  ass  number 
45,  then  it  is  decreasing  at  higher  mass  number.  Our  results  are  in  agreement 
with  Shi  art's  measurements  (full  curve,  P Ig.  2)J0  Ve  have  checked  out  results 
in  tbe  case  of  negative  ions  using  the  well  known  dissociative  electron 
attachment  cross  sections  of  [B“/H2]6  and  [£F/02]7.  Taking  into  account  our  5t 

error  in  measurements,  the  relative  efficiency  value  in  tbe  ease  of  negative  and 

0“  n+ 

positive  ions  are  equal,  i.e.,  K(— )  «  R(^p)  • 

Tbe  contribution  of  the  background  scattering  (both  direct  beam  contribution 
and  scattering  by  tbe  background  gas)  to  tbe  scattering  from  the  target  gas  beam 
is  measured  by  providing  an  alternate  leak  to  the  vacuum  chamber  (see  Pig.  1). 
The  flow  to  the  chamber  is  switched  from  the  cspillary  array  to  the  alternate  gas 
inlet  and  the  proper  background  pressure  for  the  desired  gas  is  established.  Tbe 
mass  selected  beam  Intensity  is  then  measured  as  a  function  of  tbe  electron  beam 
energy.  It  is  found  that  the  maximum  value  of  the  background  scattering  is  about 
5t.  Thus,  by  using  the  side  leak  we  have  obtained  background  signal  to  correct 
the  final  results  reported  in  the  next  section. 

III.  RESULTS 

The  measured  dissociative  electron  attachment  cross  sections  of  [O-/S02], 
[S-/SO2]  »nd  [SO^/SOg]  as  a  function  of  tbe  electron  beam  energy  are  shown  in 
Pigs.  3(s),  3(b),  and  3(c).  In  tbe  case  of  [0-/S02]  there  are  two  peaks  in  the 
oross  section  ourve  at  4.3*.05  e?  and  7.1*.05  eV  respectively.  [S-ysOgl 
three  peaks  at  4.0*.05  eV,  7.5*.1  eV  and  8.9*.1  *7  respectively.  Tbe  second  and 
tbe  third  peaks  are  smaller  by  about  one  order  of  magnitude  than  tbe  first  peak. 
In  the  ease  of  [S0-/S02]  there  are  two  peaks  at  4.7*«05  e?  and  7*5*.2  eV 
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respectively.  The  position  of  the  second  peek  is  not  veil  defined  and  its  oross 
section  value  is  quite  low  cob  pared  to  the  first  peak.  For  the  case  of  [(F/S02]» 
[S”/S02]  and  [S(T/S02]  the  negative  Ion  signal  Intensity  does  not  ohange  as  the 
Ion  extracting  electric  field  strength  between  the  collision  region  and  ion 
optics  (Fig.  1)  Is  varied  fros  20  to  200  V/ob.  This  suggests  that  these  negative 
Ions  are  stable. 

The  negative  Ion  Intensity  at  Bass  number  32  can  be  S~  or  Oj”.  However,  S“ 
has  two  Isotopes.  One  has  a  mass  number  32  and  the  other  has  3**.  The  lighter 
Bass  has  an  abundance  of  951  while  the  heavier  one  has  a  value  of  4.2?.  We 
aonitored  the  heavier  Bass  nuaber  and  found  that  the  ratio  of  the  two  Bass  peaks 
Is  supportive  of  S“  at  aass  nuaber  32  rather  than  02“. 

Table  I  presents  the  aeasured  ct0“/S02],  o[S“/£02],  and  o[S0"/S02]. 
Table  II  we  have  auaaarlzed  various  sources  of  errors  that  contribute  to  the 
total  error  In  the  present  results.  The  total  error  In  the  aeasureaent  of  the 
ratio  o(B"/AB)/  (0-/C2)  (Eqn.  1)  was  about  13?.  The  absolute  value  of  o(B”/AB) 
is  obtained  by  multiplying  this  ratio  by  the  value  of  c<0“/02).  The  error 
of  (rfCT/C^)  has  been  estlaated  to  be  about  5?  arrived  at  by  oonparli«  the  various 
values  reported  in  the  literature.7»U  Therefore,  the  present  values  of  a(B“ / AB) 
are  uncertain  by  about  20?. 
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Table  I.  Dissociative  Attachment  Cross  Sections  for  the  Following  Reaction 
e  ♦  SO2  '*•  0",  S“,  SO" 


Electron  Cross  Sections 


Energy 

o(O-)  . 

o(scr) 

(eV) 

(x  10“18  e»2) 

(x  10“18  e»2) 

(x  10-18  0 

2.5 

.01 

.0 

.0 

3.0 

.10 

.013 

.02 

3.1 

.16 

.019 

.0 

3.2 

.22 

.034 

.03 

3-3 

.36 

.056 

.03 

3.4 

.58 

.079 

.16 

3.5 

.89 

.12  2 

.16 

3.6 

1.34 

.167 

.36 

3.7 

2.20 

.225 

.54 

3.8 

3.16 

.276 

.84 

3.9 

4.38 

.298 

1.41 

4.0 

5.58 

.313 

2.05 

4.1 

6.92 

.310 

3.27 

4.2 

7.52 

.295 

4.58 

4.3 

8.08 

.271 

6.94 

4.4 

8.02 

.246 

8.51 

4.5 

7.22 

.231 

10.10 

4.6 

6.48 

.191 

10.80 

4.7 

5.48 

.162 

10.98 

4.8 

4  .69 

.164 

10.53 

4.9 

3.79 

.131 

9.07 

5.0 

3.14 

.114 

7.76 

5.1 

2.56 

.091 

5.86 

5.2 

1.90 

.065 

4.84 

5.4 

1.12 

.044 

2.80 

5.6 

.69 

.028 

1.21 

5.8 

.45 

.013 

.62 

6.0 

.43 

.015 

.39 

6.2 

.81 

.008 

.33 

6.3 

.86 

.018 

.46 

6.4 

1.17 

.017 

.40 

6.5 

1.32 

.020 

.58 

6.6 

1.59 

.022 

.44 

6.7 

1.80 

.019 

.52 

6.8 

2.10 

.017 

.58 

6.9 

2.33 

.025 

.41 

7.0 

2.56 

.027 

.42 

7.1 

2.68 

.026 

.40 

7.2 

2.41 

.030 

.42 

7.3 

2.47 

.031 

.51 

7.* 

2.41 

.031 

.44 

7.5 

2.14 

.036 

.51 

7.6 

1.89 

.030 

.43 

7.7 

1.56 

.029 

.33 

7.8 

1.33 

.027 

.28 

Table  U 


.  Sources  of  Errors  that  Contribute  to  the  Total  Error 
in  the  Measure  of  the  Ratio 
The  Various  Quantities  are  Defined  in  Eqn.  fl) 


(1)  Error  in  the  neasurenent  of  flow  rate  *3% 

N(02)/N(ab) 

(2)  Estimated  error  in  the  ratio  X(B~)/X(0~)  *51 

(3)  Estimated  error  due  to  the  change  in 

the  incident  electron-beam  current  *2% 

(t)  Estimated  error  in  the  calibration 

constant  K  *54 

*131 


Total 


FIGURE  CAPTIONS 


Figure  1.  Schema tl c  diagram  of  the  apparatus. 


Figure  2.  Transmission  efficiency  curve  far  tbe  qua  drupel  e  mass  filter,  K 

plotted  as  a  function  of  m/e.  K  at  m/e  *  0  is  taken  as  100.  Points 
are  our  measurement  values.  Continuous  curve  is  Ehlert's 
measurement. 


Figure  3(a).  Dissociative  electron  attachment  cross  section  for  O~/S02  as  a 
function  of  tbe  electron  beam  energy. 


Figure  3(b).  Dissociative  electron  attachment  cross  section  for  S“/S02  as  a 
function  of  tbe  electron  beam  energy. 


Figure  3(c).  Dissociative  electron  attachment  cross  sections  for  S0“/S02  as  a 
function  of  tbe  electron  beam  energy. 
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.  ABSTRACT 

We  describe  a  new  technique  which  utillzea  two  beams  of  electrons  to  study  the 
electron  scattering  from  the  excited  states  of  atoms  and  molecules.  The  capability 
of  the  technique  is  specifically  demonstrated  by  applying  it  to  the  process  of 
dissociative  electron  attachment  with  vibratlonally  excited  C02» 


Electron  scattering  froa  the  excited  states  of  atoas  and  aolecules  plays  an 
iaportant  role  in  high  teaperature  plasmas,  gas  discharges  and  aurorae.  However, 
the  cross  sections  far  this  process  are  net  :cnown  accurately,  principally  because 
it  is  difficult  to  produce  a  sufficiently  high  nuaber  density  of  excited-state 
species  to  enable  the  collision  studies.  In  the  past,  tunable  lasers  have  been 
employed  for  excitation  but  for  various  reasons  only  a  Halted  number  of  species 
could  be  Investigated  in  this  manner. 

We  present  here  a  technique  which  utilizes  two  beaas  of  electrons  for  studying 
the  scattering  of  electrons  from  excited  states.  A  schematic  diagram  illustrating 
the  principle  of  the  technique  is  shown  in  Pig.  1.  It  employs  a  crossed  electron 
beam- target  beam  geometry.  The  target  beam  is  produced  by  flowing  the  gas  under 
study  through  a  capillary  array  or  a  hypodermic  needle.  This  beam  is  crossed  at 
90°  by  two  beams  of  electrons  travelling  in  opposite  directions.  The  electron 
energies  of  the  two  beaas  can  be  varied  Independently.  Each  of  the  electron  beaas 
is  collimated  by  a  magnetic  field  (&-fleld)  produced  by  a  solenoid.  One  beam  (beam 
42)  is  used  to  excite  the  target  speoies  to  its  various  excited  states  and  the 
uthur  beau  (beau  #1)  is  utilized  to  observe  the  scattering  from  the  excited  states. 
These  boaas  of  electrons  are  eoergy  unselected.  Their  energy  profiles  were 
obtained  by  utilizing  the  retarding  potential  on  a  Faraday  cup.  It  was  found  that 
the  full  width  at  half  maximum  (FVHM)  of  Individual  beaus  was  approximately  300 
meV.  The  energy  of  the  electrons  is  varied  by  changing  the  bias  on  the  filament 
with  respect  to  the  last  eleotrode  of  each  electron  gun.  This  electrode  is  kept  at 
ground  (earth)  potential.  The  beam  ourrent,  as  measured  by  a  Faraday  cup  in  a 
separate  experiment,  remained  constant  as  the  energy  of  the  beam  was  changed  from 
0.5  eV  to  about  20  eV  woioh  is  the  energy  range  of  the  present  interest.  Although 
the  energy  of  the  eleotron  beam  oan  be  obtained  by  recording  the  filament  bias 
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voltage,  the  contact  potentials  at  various  surfaces  tend  to  change  it  from  its 
actual  value.  In  the  present  work  the  energy  of  the  beams  was  calibrated  by 
utilizing  the  previously  well  known  peak  values  of  eleotron  attachment  energies  for 
H”/h2,  0*/02  end  0”/C02.  It  was  found  that  the  filament  bias  voltage  needed  a 
correction  of  *0.5  volts  to  get  the  true  energy  of  the  electron  beam.  We  estimate 
that  after  correction  the  energy  of  the  individual  electron  beams  is  accurate  to 
within  0.1  eV.  In  general,  the  current  in  e-beam  #1  was  3.6  x  10”®A  and  in  the  e- 
beam  #2  it  was  0.5  x  lO'^A.  A  detailed  description  of  the  apparatus  is  given  in 
Ref.  1.  A  vacuum  of  about  10“8  xorr  was  obtained  when  the  gas  forming  the 
molecular  beam  was  not  flowed  into  the  vacuum  chamber.  However,  the  pressure  rose 
to  about  10-7  To rr  whun  Lhu  molooular  bourn  was  on.  Undor  those  conditions  the 
pressure  in  the  moleoular  beam  is  estimated  to  be  less  than  about  10~3  Torr.  At 
this  pressure  the  probability  of  multiple  scattering  is  negligible. 

This  technique  is  quite  suitable  for  studying  the  process  of  dissociative 
electron  attachment  with  rotationally  vibratlonally  excited  states  of  molecules. 
The  cross  sections  for  this  process  are  expected  to  be  quite  large.  In  the  past, 
the  rotationally  and  vibratlonally  excited  states  were  produced  by  beating2»3t*i  the 
gas  under  study  in  a  crucible.  However,  due  to  practical  limitations  Imposed  by 
high  temperatures,  only  low  lying  vibrational  states  were  generated.  On  the  other 
hand,  by  utilizing  a  beam  of  electrons  higher  vibrational  states  and  even 
electronic  states  of  the  aoleoules  can  be  populated. 

We  present  here  the  application  of  the  above  technique  to  the  study  of 
dissociative  attachment  with  vibratlonally  excited  states  of  C02.  In  dissociative 
attachment  the  following  reaction  takes  plaoe: 

a  ♦  C02*  C0g  «#C0  ♦  0".  (1) 
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The  0“  ions  are  produced  for  oartaio  specific  energies  of  electrons.  These  ions 
are  extracted  out  of  the  interaction  region  by  an  electric  field  of  the  order  of  2 
to  3  v/ca  applied  at  90°  to  both  the  electron  bean  and  aolecular  bean.  The  ions 
are  then  foeuaed  at  the  entranoe  aperture  of  a  quadrupole  aass  spectrometer  by  ion 
lenses. 

The  aass  spectroaeter  was  set  to  detect  0~.  The  procedure  for  obtaining  the 
resonance  energies  and  relative  values  of  cross  sections  was  as  follows.  First, 
the  electron  beaa  #2  (Fig.  1)  was  turned  off.  Then,  the  electron  energy  of  the 
beam  #1  was  varied.  The  output  signal  froa  the  aass  spectroaeter  was  recorded  by  a 
aulti channel  scaler  as  a  function  of  electron  energy,  in  example  of  the  variation 
of  the  0“  signal  as  a  function  of  electron  energy  thus  obtained  is  shown  in  Fig. 
2a.  In  the  energy  region  of  0  to  20  eV,  six  intensity  peaks  were  seen.  These  lay 
at  k.n  i  0.1,  8.2  *  0.1,  13.0  *  0.2,  15  *  0.5,  16.9  *  0.2  and  1 9.**  *  0.2  eV 
respectively.  The  first  two  were  the  aost  intense  ones.  In  the  second  step,  the 
electron  beaa  12  (Fig.  1)  was  also  turner*  n.  Its  energy  was  rixed  at  1.2  eV, 
based  upon  knowleoge  that  at  about  this  energy  the  vibrational  excitation  cross 
section  for  C02  are  aargest^  {-  10*16  cm2).  Thus,  the  electron  beam  #2  populates 
the  vlbrationally  exolted  states  of  C02.  The  energy  of  the  electron  beam  #1  was 
again  varied  from  0  eV  to  20  eV.  The  resulting  speotrua  is  shown  in  Fig.  2(b).  We 
found  that  the  intensities  of  the  speotral  features  were  enhanced  and  the  intensity 
of  the  resonance  peak  at  4.4  eV  was  larger  than  that  at  8.2  eV.  This  shows  that 
the  cross  sections  ft r  the  dissociative  attachment  at  4.4  eV  Increase  when  C02  is 
vlbrationally  excited.  This  observation  was  further  supported  by  the  increase  in 
the  0'  intensity  when  >eaa  #1  (Fig.  1)  was  fixed  at  4.4  eV  and  beaa  #2  was  swept 
froa  0  eV  to  5  «V.  The  resulting  speotrua  la  shown  in  Fig.  3.  It  is  seen  in  this 
figure  that  when  electron  beaa  02  has  an  energy  of  about  1.0  eV  the  0-  signal  goes 


through  a  maximum.  This  is  io  agreement  with  Boness  and  Schulz^  who  found  a 
aaxiaua  in  the  vibrational  excitation  at  about  1.0  «V. 

0"  production  froa  C02  has  bssn  studied  in  the  past  by  several 
researchers.2^*^  Mainly,  these  studies  have  been  related  to  the  aeasureaent  of 
cross  sections  a)  at  rooa  temperature,  b)  at  higher  teaperatures,  and  c)  the 
aeasureaent  of  kinetic  energy  of  0”  fragments.  Zn  general,  the  following 
conclusions  have  been  drawn:  1)  there  are  three  peaks3  for  the  0“  intensity  at  4.4 
eV,  8.2  eV  and  13.0  eV  respectively,  ii)  the  ratio  of  intensities  of  these  peaks 
depends  on  the  temperature2  of  C02,  showing  that  the  cross  sections  change  with  the 
vibrational  population  in  the  ground  state.  Furthermore,  the  thresholds  for  the 
formation  of  0“  are  also  temperature  dependent,2  with  shift  toward  lower  energies 
as  the  temperature  increases,  and  ill)  vibrationally  excited  CO  is  formed  as  a 
result  of  dissociation. 

The  present  work  shows  (Fig.  2a)  that  in  addition  to  the  three  0"  peaks 
observed  before,  there  exist  three  additional  peaks.  The  ratio  of  the  intensity  of 
the  peak  at  8.2  eV  to  that  at  4.4  eV  is  3*0  *  0.1,  which  is  in  excellent  agreement 
with  previous  measurements.2  We  also  find  that  when  COj  is  excited  by  e-beam  #2 
the  intensity  of  the  4.4  eV  feature  (Fig.  2b)  increases  to  the  extent  that  the 
ratio  of  the  4.4  eV  peak  to  the  8.2  eV  one  becomes  greater  than  1.0.  This  is  also 
in  agreement  with  the  previous  results.  However,  the  present  work  does  not  show 
any  appreciable  Increase  in  the  Intensity  of  other  features,  such  as  a  shift2  in 
the  threshold  value  of  the  excitation  or  an  Increase  in  the  Intensity  of  the 
valley3  between  the  4.4  eV  and  8.2  eV  features.  This  is  contrary  to  the  previous 
findings2* 3  which  were  obtained  for  vibrationally  excited  C02  populated  by  heating 
in  a  high  temperature  cruolble.  In  our  view  the  reason  for  this  difference  lies  in 
the  method  of  exciting  the  vibrational  modes  in  C02.  As  shown  by  Boness  and 


Schulz5  by  use  of  electron  lmpaot,  principally  the  asymmetric  stretch  node  (001)  is 
excited.  However,  by  heating,  all  the  vibrational  and  rotational  nodes  are 
excited.  Ibe  coupling  of  these  states  with  the  C0|  states  nay  be  different  fron 
the  single  asynnetric  stretch  node  generated  by  the  electron  inpact. 

In  order  to  fully  understand  the  process  of  dissociative  attachment  with  C02 
one  needs  to  know  details  on  the  various  potential  energy  surfaces  of  C02-  There 
are  two  previous  calculations  by  Claydon  et  al.8  (INDO  SCF  theory)  and  by  England 
et  al.9  (ab  initio  SCF  calculations).  These  calculations  explain  the  onset  of  the 
M.U  eV  feature  very  well  and  assign  a  ^nu  state  of  C02  to  be  responsible  for  the  Co¬ 
production.  However,  2Ig  sUte  shape  resonance,  as  calculated  by  Claydon  et  al., 
does  not  accurately  account  for  the  threshold  or  the  peak  position  of  the  6.2  eV 
feature  (Fig.  2).  A  similar  situation  exists  with  the  higher  energy  peaks.  Our 
results  showing  small  dependence  of  cross  sections  on  vibrational  excitation 
indicate  that  the  8.2  eV  feature  and  the  features  at  higher  energies  originate  from 
CO^  states  which  are  Feshbach  resonances,  rather  than  shape  resonances.  Because 
the  vibrational  excitation  strongly  affects  the  shape  resonances  (potential 
suulluring),  the  dramatic  change  in  the  Intensity  of  the  eV  feature  (*-  nu  C02 
state)  takes  place.  However,  the  8.2  eV  and  higher  energy  features  result  from 
electronic  rearrangement  in  the  molecule  (Feshbach  resonances)  and  do  not  depend 
appreciably  upon  nuclear  motion.  Winter10  has  carried  out  Hartree  Fock 
calculations  with  large  basis  sets  for  some  of  these  higher  COj  states.  These 
calculations  predict  a  2  ng  Feshbach  resonance  at  8.3  aV.  This  state  has  an 
electronic  configuration  of  1  o|  2o|  3d|  Ao|  2o2  30^  1*|  3*o|  (2 ’6).  Its 

parent  states  are  1,3"g  anargiea  are  9.0  eV  and  9.3  eV  for  the  triplet  and 

singlet  states  respectively. 

In  ooncluaion,  we  find  that  the  double  e-beam  technique  can  be  successfully 


employed  for  studying  tbe  electron  scattering  froa  excited  states.  It  has  been 
demonstrated  dearly,  using  CO2  u  »n  example,  that  upon  selecting  proper  energies 
the  various  vibrational  states  oan  be  excited,  from  wblcb  the  process  of 
dissociative  attachment  can  be  studied.  This  technique  may  find  wide  application 
for  certain  speolal  types  of  measurements,  and  is  of  immediate  interest  in  this 
regard. 
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FIGURE  CAPTIONS 


Figure  1 . 
Figure  2. 

Figure  3. 


A  conceptual  diagram  of  the  double  e-beam  arrangement* 


a)  (T/C02  signal  as  a  function  of  energy  of  e-beam  #1 
and  e^beam  #2  off. 

b)  OT/ C02  signal  as  a  function  of  energy  of  e-beam  #1 
and  e-beam  #2  fixed  at  1.2  eV. 


0"/C02  signal  with  e-beam  #1  fixed  at  A. 2  eV  and 
e-beam  #2  swept  from  0  to  A  eV. 
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SCHEMATIC  DIAGRAM  SHOWING 
DOUBLE  e-BEAM  ARRANGEMENT 
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